More specifically, the objective is to synthesise the best available evidence on the effectiveness of interventions to prevent heat loss in this group of patients. This may include active warming measures (including forced air warming and IV fluid warming), passive warming measures (such as leg wrapping and prewarming) or even pharmacological therapy, on the core temperature of the mother and newborn after surgery.
Review questions
 What are the most effective interventions for preventing and managing perioperative hypothermia in women undergoing Caesarean Section surgery?  Are there any differences in effectiveness for warming interventions between patients undergoing different modes of anaesthesia for Caesarean Section (general anaesthesia/epidural anaesthesia/spinal anaesthesia)?
Background:
Women undergoing Caesarean Section (CS) are vulnerable to the adverse effects associated with perioperative core temperature drop during surgery, in part due to the tendency for this surgery to be performed under neuraxial anaesthesia and due to higher rates of blood and fluid loss. Vasodilation, which occurs in all pregnant patients, also predisposes obstetric patients 1 to inadvertent perioperative hypothermia (IPH).
IPH is a common condition that affects patients undergoing surgery of all surgical specialities and is detrimental to all age groups, including neonates. Numerous serious adverse effects are associated with IPH for all patient groups. Increased blood loss and transfusion requirements 2 stem from impaired platelet function in hypothermic patients. Even in this respect alone, the prevention of hypothermia would be particularly beneficial for Caesarean Section patients, for whom perioperative bleeding can present significant problems 3 . Delayed wound healing 4 , decreased immune response 5 leading to increased wound infection rates 6 , prolonged stay in Post Anaesthetic Care Unit (PACU), prolonged hospital stay and increased costs 7 , altered drug metabolism and increased likelihood of cardiac arrhythmias 6 have also all been associated with IPH and this list may not be exhaustive. Shivering associated with hypothermia also places patients under increased cardiac strain.
In the early 1990's, maternal hypothermia was described as being rarely discussed in the obstetric literature 1 but in recent years studies have been undertaken that scrutinise methods of preventing hypothermia specifically for this group of patients. Also in recent years, multiple systematic reviews and guidelines have been published with the aim to provide evidence for the effective prevention and management of IPH. These largely focus on either adult or all ages populations, but have mainly overlooked, or excluded, pregnant or Caesarean Section patients as a distinct and vulnerable group. A JBI systematic review on the management of perioperative hypothermia included three studies focussed on the warming of Caesarean Section patients (with no excluded studies of Caesarean Section warming) 8 , with searches complete to 2008. A meta-analysis on cutaneous warming systems 9 included two studies that pertain to the warming of Caesarean Section patients. The NICE guidelines (2008) 6 on IPH excluded pregnant women, while opinion suggests that guidelines 10 and clear evidence are needed to establish what constitutes best practice in terms of preventing IPH in this group of patients. Preliminary searches suggest that there is a significant body of research that could be evaluated, specifically giving evidence that is relevant to Caesarean Section patients.
In addition, not all recommendations that are made by systematic reviews targeting all adult patients may be readily transferable to Caesarean Section patients. Practical problems may exist with using forced air warming for obstetric patients. 10, 11 Forced air warming blankets (the warming mode of choice recommended by NICE 6 ) have been described as difficult to apply in such a way that they do not interfere with the mother and baby. 12 Obstetric patients may also have different thermoregulatory responses in comparison to non pregnant controls 13 which may effect the effectiveness and appropriateness of warming devices. The vasodilation experienced by all pregnant patients is exacerbated by neuraxial anaesthesia, thus increasing heat loss. Caesarean Section patients may also be particularly vulnerable to hypothermia due to the amount of exposure required during surgery and the large amount of fluid loss experienced, in particular during emergency surgery. Hypothermia is usually initially undetected during neuraxial anaesthesia (commonly used for CS). This remains in part due to the fact that temperature is often not monitored by the anaesthetist during neuraxial anaesthesia, 14, 15 but in addition behavioural thermoregulation is impaired. Patients may be cold but do not perceive or therefore report it. 15 Skin surface heat loss occurs via the four mechanisms of radiation, convection, evaporation and conduction 1 -all of these mechanisms combine during surgery to produce a problematic heat loss which can result in hypothermia. Environmental factors such as the ambient temperature of the operating theatre and downward draft result in convective and radiant heat loss, when large areas of the skin's surface are exposed to the relatively cool surrounding environment. Wet linen, room temperature irrigating fluids and skin cleansing fluids contribute to conductive and evaporative heat loss 1 . Duration of surgery, systemic and neuraxial medications also contribute to the overall likelihood or extent to which hypothermia will develop.
It has been suggested that in fact all Caesarean Section patients should receive intraoperative warming, 16 but in particular, if not managed, the rate of hypothermia in patients undergoing Spinal Anaesthesia for Caesarean Section could be as high as 80%. 16 During spinal anaesthesia, as in general anaesthesia, heat redistributes down a core-periphery heat gradient. Heat is redistributed from the core compartment to the peripheries due to the vasodilation caused by the sympathetic block. 17 Secondly, below the level of the block there is a loss of thermoregulatory vasoconstriction 17 and thirdly, thermoregulation impairment results in reduced thresholds for shivering and vasoconstriction during spinal anaesthesia. 17 IPH may also be exacerbated by the effects of certain drugs used during spinal anaesthesia, notably intrathecal morphine. Morphine is commonly used in spinal anaesthesia for Caesarean Section to give longer duration of postoperative pain relief, but is known to be associated with hypothermia, even in small amounts. 18 It is thought that the drug spreads in the cerebrospinal fluid to the body's thermoregulation control centre -the hypothalamusand impairs thermoregulation. 18 The decrease in the thermoregulatory set point that is believed to occur, due to the cephalic spread of the opioid, has been attributed to explain the paradoxical symptoms that sometimes occur with hypothermia associated with intrathecal morphine. In these patients, paradoxical symptoms of feeling hot combined with diaphoresis alongside hypothermia have been observed. 19 Active warming may not be tolerable for patients experiencing these paradoxical symptoms, although they are hypothermic. Maintenance of normothermia in patients given intrathecal morphine therefore presents a greater challenge and it may be that warming methods that are effective for other patients may have a reduced effect or appropriateness in this group of patients. Alternative, effective methods for preventing or managing hypothermia in this group would therefore be valuable.
In all obstetric patients, the temperature status of the mother and the unborn baby are related. A temperature gradient exists between the warmer unborn baby and the cooler mother. 20 Babies born to hypothermic mothers may also be at risk of lower temperatures at birth and possibly lower umbilical pH and Apgar scores at birth. 11, 21 Warming interventions are usually classified into two groups, according to the means of transferring heat. Passive warming measures warm the peripheries or skin surface and include reflective (space) blankets, cotton blankets and other types of coverings. Active warming measures aim to increase the core heat content and employ convective means of heating. Forced air warming devices, circulating water garments, heated mattresses and intravenous fluid warmers are all examples of active warming measures. Active warmingforced air warming blankets in particular -is the recommended means of preventing and managing IPH according to the evidence based guidelines published by NICE 6 and by the JBI systematic review on IPH. 8 Circulating water garments have also shown potential to be at least as effective, if not more effective, as forced air warming blankets, according to a recent meta-analysis. 9 Prewarming patients prior to surgery, usually via active warming methods, has been recommended 6 to decrease the redistribution of heat occurring during the first phase of anaesthesia by increasing the peripheral heat content. These interventions may have varying degrees of usefulness, effectiveness and applicability for Caesarean Section patients. Any risks associated with using warming interventions may also be magnified for pregnant patients -for example, maternal overheating or high maternal body temperature may adversely affect fetal wellbeing 22 Apart from the undesirable physiological adverse side effects associated with IPH, the condition can also have the potential to adversely affect maternal experiences in, and satisfaction with, the Recovery phase. Discomfort and shivering, both side effects of IPH, can create problems during the postoperative period 23 which may interfere with the mothers ability to be with and bond with her newborn, at a time when breastfeeding is often instigated.
As indicated above, no other systematic reviews have been published that deal exclusively with the effectiveness of warming methods for patients undergoing Caesarean Section.
Keywords: Caesarean Section, hypothermia, perioperative, inadvertent, active warming, passive warming, forced air warming, neuraxial.
Definitions:
Hypothermia: a patient core temperature of below 36°C. 6 Normothermia: a core temperature between 36°C and 38°C. 24 Gravida: number of pregnancies 25 Parity: the number of previous deliveries.
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Neuraxial: spinal or epidural anaesthesia. 15 Active warming: methods that minimise convective heat loss 27 for example, forced air warming, circulating water garments and fluid warming devices.
Passive warming: methods that warm the patient by minimizing heat dispersion and insulating the patient from the environment 28 for example cotton blankets and aluminium foil covers.
Inclusion Criteria

Types of participants
The review will include all studies that include adult patients over the age of 18 years, of any ethnic background, with or without co-morbidities, undergoing any of the different modes of anaesthesia (general anaesthesia/epidural anaesthesia/spinal anaesthesia) for any type of Caesarean Section (emergency or planned) at healthcare facilities receiving interventions that may limit or manage perioperative core heat loss. Studies that focus on patients undergoing any other type of surgery other than Caesarean Section or pregnant patients not undergoing Caesarean Section will be excluded.
Types of interventions
The types of intervention will consist of active warming methods, or passive warming methods or pharmacological interventions such as Lorazepam versus usual care or placebo, that aim to limit or manage core heat loss as applied to women undergoing Caesarean Section. Active warming methods in this review may include forced air warming devices, warmed fluids, warmed mattresses and warmed coverings. Passive interventions may include unheated coverings, such as leg wrapping or aluminium wraps.
Types of outcomes
The review will focus on the following outcomes: Primary outcome: maternal core temperature measured via the following sites: pulmonary artery, oesophageal, tympanic, bladder or oral, during the preoperative, intraoperative and postoperative phases of care.
Secondary outcomes: newborn core temperature at birth obtained immediately after birth, umbilical pH measured via blood gas analysis from a sample obtained immediately after birth, Apgar scores, length of Post Anaesthetic Care Unit (PACU) stay measured in minutes from the time the patient arrives into PACU until discharge to ward areas, maternal thermal comfort (preferably measured by a validated scale).
Types of studies
This review will consider any randomised controlled trials (RCTs) that meet the inclusion criteria, but in the absence of these other quantitative study designs will be considered. This may include non-randomised controlled trials, quasi-experimental studies, case-controlled and cohort studies that assess the effectiveness of interventions to reduce or manage perioperative hypothermia within Caesarean section patients only, with reduction of perioperative hypothermia a primary or secondary outcome.
Search Strategy
The search strategy aims to find both published and unpublished literature, including grey literature. A three step search strategy will be utilised. An initial limited search of Medline, CINAHL and Embase will be conducted, followed by analysis of the text words contained in the title and abstract, and the index terms used to describe the article. A second search will include all identified keywords and index terms across all databases listed. Thirdly, the reference lists of all identified studies and articles will be hand searched. Included dates will be from the inception of the databases until January 2012. All studies identified during the database search will be assessed for relevance to the review based on information via the title, abstract and description by two independent reviewers. A third reviewer will be consulted if consensus cannot be reached. The full article will be retrieved for all those that appear to meet the inclusion criteria. Any articles that appear unclear in this respect will also be retrieved for clarification. A full report will be made on the included studies. Details of the excluded studies will also be provided. Following the initial search, all studies will be assessed against the inclusion criteria for their relevance to the review question by two reviewers. Further assistance will be sought from the third reviewer if required.
Initial Keywords
Initial keywords to be used will be: perioperative or peri-operative or intra-operative surgical temperature OR core temperature thermoregulation hypothermia shivering C*esarean section C*esarean delivery parturient maternal warming active warming passive warming
Verification of Relevance
All studies will be assessed for relevance to the inclusion criteria using a form developed by the reviewers and based on the recommendations of the Cochrane Collaboration 29 (Appendix I).
Assessment of methodological quality
Papers selected for retrieval will be assessed for methodological quality by two independent reviewers prior for inclusion in the review using the standardized critical appraisal instruments for randomised controlled trials (Appendix II) cohort/case controlled studies (Appendix III) and descriptive studies (Appendix IV) from the Joanna Briggs Institute Meta Analysis of Statistics Assessment and Review Instruments (JBI-MASTARI). Disagreements will be resolved via discussion or by consultation with the third reviewer.
Data Extraction
Quantitative data will be extracted from the included papers using a customised data extraction tool developed and already piloted by the authors (Appendix V). The extracted data will include details of the intervention, population, study methods and outcomes relevant to the review question and objectives.
Data synthesis
All results will be subject to double data entry. Where statistical pooling is possible, the results will be analysed using JBI-MASTARI software. Odds ratio (for categorical data) and weighted mean difference (for continuous data) and their 95% confidence intervals will be calculated for analysis. Heterogeneity will be calculated using the standard Chi-square test. Where statistical pooling is not possible, the results will be presented in narrative form.
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